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Worldwide Advances in Seismic Zonation

Paper No. INVLE.05

W.W. Hays
Deputy Chief for Research Applications, US Geological Survey, Reston, Virginia

SYNOPSIS: Seismic zonation is the process that integrates the hazard, policy, and built environments to produce maps that
divide a geographic region into smaller areas or zones which can be used by community decisionmakers to answer the
question, "Where is the best location to locate and build a specific structure." Seismic zonation maps have been produced by
almost every country in the world with the most rapid advances occurring after 1968.
SEISMIC ZONATION

BACKGROUND
This paper is a comprehensive overview of the social,
technical, administrative, political. legal, and economic
forces that have produced significant advances in the
professional practice of seismic zonation during the 1980's
and 1990's throughout the world. Every year in
earthquake-prone countries, either before or after a
damaging earthquake (e.g., 1980 El Asnam, Algeria; 1985
Mexico; 1988 Spitale, Armenia; 1989 Lorna Prieta,
California; 1990 Iran; 1991 Philippines; 1992 Dahshour,
Egypt; and 1993 Khilari, India) decisionmakers ask
researchers and practitioners to answer a basic question,
"where is the safest location in the community to construct
(reconstruct) a building or a lifeline system?" The
answers, whether asked before or after the damaging
earthquake of concern, must address implicitly or explicitly
the hazard, built, and policy environments of the
community and the country (Figure 1). The current
seismic zonation maps depict deterministically or
probabilistically the spatial and temporal variation of the
expected ground shaking and ground failure hazards, taking
into account the frequency- and strain-dependent, temporal,
and spatial effects of the source, path, and local site
geology. The maps are developed for at least one of the
following four scales: national, regional, urban, and site
specific. Their implementation reflects the lessons learned
from postearthquake investigations of recent damaging
earthquakes on the response and dynamic behavior of soils
and the actual dynamic performance of buildings and
lifeline systems. The International Decade for Natural
Disaster Reduction (IDNDR) has served as a catalyst for
these advances in seismic zonation which are expected to
lead to improved capacity to achieve sustainable
development in all earthquake-prone countries.
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Fig. 1. Elements involved in Seismic Zonation
ELEMENTS OF SEISMIC ZONATION
The following topics and choices are considered in the
development of seismic zonation maps.
1.
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SELECTED EXAMPLES SHOWING STATUS OF
SEISMIC ZONATION WORLDWIDE

Scenarios for

The following examples describe what has been
accomplished in selected regions of the world. They
illustrate what can be done by any country--large or small,
developed or developing, and high or low seismicity.

Emergency
To Continue Planning for the Inevitable

Response
Scenarios for
Recovery

Algeria
with consideration of the lack of consensus and gaps in
knowledge on the:

Principal Contact: Dr. Mohamed Belazougui and D'Jamal
El-Foul, Centre National de Recherche, Appliquee en
Genie-Parasismique, Rue Kaddour Rahim Prolongee, BP
252 Hussein Dey, Algiers, Algeria
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Background: Seismicity in Northern Algeria is related
primarily to collision of the northward moving African and
southward moving Eurasian tectonic plates.

dynamics (e.g., subduction of the Pacific plate beneath the
North American plate).
Monitoring: The seismic network at present consists of
more than 50 seismic stations operated by the Geological
Survey of Canada, BC Hydro, and University of BC and 80
strong motion accelographs deployed by Geological Survey
of Canada and BC Hydro. It can detect earthquakes of M 1
and M 2 in southwestern BC and M 3.5 over the rest of the
providence.

Monitoring Systems: A telemetered network of digital
seismographs and 200 accelographs were installed after the
1980 M 7.3 El Asnam earthquake.
Maps: The first national scale zonation map depicting
probabilistic ground acceleration in national building codes
was prepared in late 1970's with assistance from Stanford
University. With support and technical assistance from
UNESCO and the USGS, and investigations by a contractor,
Woodward Clyde Consultants, seismic zonation maps (i.e.,
a maximum, historical MM intensity map and probabilistic
ground acceleration, velocity, and spectral response maps)
were prepared in 1984 for the Ech Chlef region (formerly
El Asnam region). Urban scale (i.e., microzonation) maps
were also prepared for Ech Chlef and nine other cities in
the region. The zonation map for Algiers, the capitol, is
underway.

Maps: Since the pioneering efforts in 1953, the following
national-scale and regional-scale seismic zonation maps
have been constructed:
• Maximum MM intensity maps.
• Peak horizontal bedrock ground acceleration maps.
• Peak horizontal bedro.::k velocity maps.
• Liquefaction map on a scale of 1:75,000 for Southwest
British Columbia.

Applications: Two governmental decrees of August 25,
1985 have served as a catalyst for earthquake risk
management in Algeria, resulting in improved building
codes, land-use planning, preparedness, and emergency
response.

Applications: Seismic zonation maps have been
incorporated in the National Building Code of Canada since
1953. At present the code uses probabilistic maps and
adopts an annual probability of exceedance of 11475. There
are no standards governing dams or electric system
facilities except those developed by BC Hydro. On the
basis of the maps seven zones have been identified.

Driving Forces: The principal driving forces include:
• A damaging earthquake (e.g., the October 10, 1980, El
Asnam earthquake which caused $2 billion of direct
damage, destroyed 20,000 plus buildings, killed 1,243, and
injured 8,369).

Driving Forces: The principal driving forces include:
• More than 24,000 earthquakes have occurred between
1568 and 1988).

• Technology transfer by USGS, UNESCO, Woodward
Clyde Consultants, and the SEISMED project.

• Development of long-term institutional and professional
capacity.

• Acquisition of modem monitoring systems through the
PAMERAR project.

• Political and societal concern for seismic safety of
hydrologic structures, .

• Political support through government decrees in 1985.
• Development of institutional capacity (e.g., Centre
National de Recherche) and professional capability (e.g.,
training and participation in regional and international
conferences on seismic zonation).

• Development of modem monitoring capability.
Mexico
Principal Contact: Luis Esteva, Coordinacion de la
Investigacion Cienfifica, UNAM, Ciudad Universitaria,
Mexico 04510, DF, Mexico

Canada (British Colombia)
Principal Contact: Tim E. Little and Kim M. Meidal,
British Columbia Hydro, Burnaby, British Columbia,
Canada

Background: The seismicity of Mexico is related to
complex interplate dynamics (e.g., subduction of the Cocos
plate beneath the North American plate).

Background: The seismicity of British Columbia, the
western most province, is related to complex interplate
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separated by the Red Sea spreading zone on the south and
southeast.

Monitoring: The national seismic network at present
consists of 40 broad band seismic instruments linked by
satellite plus a number of regional networks.

Monitoring: The national seismic network at present
consists of ten seismic stations and seven strong motion
accelographs. Additional seismic and accelograph stations
were authorized after the 1992 Dahshour earthquake.

Maps: Since the pioneering efforts in the 1960's by Esteva
and others the following national-scale and regional-scale
seismic zonation maps have been constructed:

Maps: Since the pioneering efforts in 1982, the following
national-scale seismic zonation maps have been constructed:

• Maximum MM intensity maps.
• Peak horizontal bedrock acceleration maps.

• Maximum MSK intensity maps.
• Peak horizontal bedrock velocity maps.
• Peak horizontal firm ground acceleration maps.
In addition, urban-scale (i.e., microzonation) maps have
been prepared for portions of Mexico City (e.g., the Old
Lake Bed zone). Extensive research has been conducted to
delineate and understand S2,S3, and S4 soils. The Lake
Bed zone, the classic S4 soil type, was identified after a
damaging earthquake in 1957.

Applications: Egypt does not yet have a building code with
seismic design provisions. A draft regulation identifying
four zones was proposed in 1988 by the Egyptian Society
of Earthquake Engineering.
Driving Forces: The principal driving forces include:

Applications: Seismic zonation maps, including soil
amplification, have been incorporated in the Mexican
Building Code since the 1960's. They have also been
considered for land-use regulations and urban planning.

• Damaging earthquakes (e.g., M 5.9, October 13, 1992
Dahshour earthquake which killed and injured 7,000,
damaged and destroyed 1,000 schools, and caused at least
$4 billion in economic losses).

Driving Forces: The principal driving forces include:

• Technology transfer by USGS, UNESCO, and others
through the SEISMED and RELEMR projects.

• Damaging earthquakes (e.g., M 8.1, September 19, 1985
Mexico earthquake which caused 5,728 buildings in the Old
Lake Bed zone in Mexico City to collapse which included
hospitals, schools, and government buildings. This
earthquake killed approximately 10,000 people and caused
at least $4 billion in damage.

• Development of long-term institutional and professional
capacity through participation in national, regional, and
international conferences and training.
• Political and societal concern for seismic safety of the
Aswan dam and other facilities.

• Technology transfer through projects such as
CENAPRED.

• Development of modern monitoring capability through
the P AMERAR project following the Dahshour earthquake.

• Development of long-term institutional and professional
capacity.

• Development of Geographic Information System
capabilities.

Egypt
Israel

Principal Contacts: Ezz Eldin Ibrahim, Department of
Seismology, National Research Institute of Astronomy and
Geophysics, Helwan, Egypt; Amir W. Sadak, Structural
Engineering Department, and Mohamed Sobaih,
Department of Civil Engineering, Cairo University, Cairo,
Egypt.

Principal Contact: Avi Shapira, Seismological Division,
Institute for Petroleum Research and Geophysics, P.O. Box
2286, Holan, 58122 Israel
Background: The seismicity of Israel is related to complex
interplate dynamics (e.g., collision of the Eurasian,
African, and Arabian tectonic plates). Israel is located
adjacent to the Dead Sea Rift system.

Background: Egypt is located in the northeast corner of
the African Plate. Seismicity is controlled by movement
along the following plate boundaries: the converging
African and Eurasian plates on the north, the Arabian and
African plates separated by the Levant Transform on the
northeast, and the diverging Arabian and African plates
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Monitoring: The national seismic network at present
consists of 36 seismic stations and 44 strong motion
accelographs.

Maps: Since the pioneering efforts by Algermissen in 1969
the following national-scale and regional-scale seismic
zonation maps have been constructed:

Maps: Since the pioneering efforts in the late 1970's, the
following national-scale seismic zonation maps have been
constructed:

• Maximum MM intensity maps.

•

Maximum MSK intensity maps.

•

Peak horizontal bedrock acceleration maps.

• Peak horizontal bedrock and firm ground (S2)
acceleration maps.
• Peak horizontal bedrock and firm ground (S2) velocity
maps.

Applications: Seismic zonation maps have been
incorporated in the Israel Code 413 "Seismic Design of
Structures" since the 1980's. They have also been used for
land-use regulations and urban planning. On the basis of
the maps seven zones have been identified.

• Horizontal bedrock and firm ground (S2) spectral
response maps.
• Liquefaction maps.
• Tsunami wave run-up maps.

Driving Forces: The principal driving forces include:

In addition, urban-scale (i.e., microzonation) maps have
been prepared for the San Francisco Bay Region and
several major cities throughout the Nation. Extensive
research has been conducted to delineate and understand the
characteristics of S2, S3, and S4, soils in urban areas ..

• Many damaging earthquakes during the past 2 centuries.
• Technology transfer by USGS, UNESCO, and others
through the SEISMED and RELEMR projects.
• Development of long-term institutional and professional
capacity.

Algermissen and Perkins applied the deductive method of
probabilistic seismic hazard assessment (Cornell, 1968) to
~ap the conterminous United States in 1976. They
mcorporated a range of inputs on seismic sources
maximum magnitudes, and bedrock acceleration ;ttenuation
functions for the eastern and western United States. The
product was a national s~ale probabilistic acceleration map
for a 50 year exposure time and a 90 percent probability of
nonexceedance. These acceleration maps were improved in
1982 and the process was expanded to produce velocity
maps for 10-, 50-, and 250-year exposure times. Spectral
response maps were produced in 1988.

• Political and societal concern for seismic safety of a
proposed nuclear power plants.
United States
Principal Contacts: Art Frankel, David Perkins, and E.V.
Leyendecker, U.S. Geological Survey, Branch Earthquake
and Landslide Hazards, Mail Stop 966, Denver Federal
Center, Denver, Colorado 80225, USA; James Davis, State
Geologist, California Division of Mines and Geology, 801
K Street, MS-1230, Sacramento, California 95814-3531
USA; Paul DuMontel~e. Illinois State Geological Survey:
615 East Peabody Dnve, Champaign, Illinois 61820-6964,
USA.

USGS developed of the computer program EQRISK for the
public domain in 1976 (R.K. McGuire) with subsequent
updating in 1987 (D.M. Perkins and B. Bender) and 1992
(Hanson et al).
California Assembly Bi113897 was enacted in 1990
following the Lorna Prieta earthquake. It required the
State to delineate: the geographic areas or zones of
enhanced ground shaking due to proximity to the
earthquake source or soil amplification, the areas
susceptible to liquefaction, and areas susceptible to large
volume landslides.

Background: The seismicity of the United States is related
to complex intraplate and interplate dynamics which cause
extensional, translational, and compressional tectonic
environments. Subduction of the Pacific Plate beneath the
North American Plate and the Caribbean Plate beneath the
North American Plate gives rise to the highest seismicity.
The west coast, Hawaii, Puerto Rico, and the U.S. Virgin
Islands are at risk from tsunamis.

Seven States in the Central Mississippi Valley area (i.e., the
CUSEC States) began seismic zonation studies in 1993 with
a goal of producing a 1:2,500,000 scale maximum MM
intensity map. These States are at risk from recurrence of
damaging earthquakes in the New Madrid seismic zone the
Wabash Valley seismic zone, or other seismic sources. '

Monitoring: The national seismic network at present
consists of more than 1,000 seismic stations, mostly in
California. More than 2,100 strong motion accelographs
have been deployed, also mostly in California.
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Paleoseismicity studies conducted cooperatively by the
Indiana Geological Survey, the USGS, and others have
added significant new information on the earthquake
history.

are being made to produce more accurate probablistic
hazard maps depicting spectral response.

Applications: Seismic zonation maps have been
incorporated in national model building codes since 1969.
They have also been used for land-use regulations and
urban planning. On the basis of the maps five zones have
been identified. All model building codes are expected to
use the same seismic risk map by the year 2000.

Annali di Geofisica, 1992, Global Seismic Hazard
Assessment Program (GSHAP) (Special Issue),
International Lithosphere Program, Publication 209,
Bologna, Italy, 257 p (Domenico Giardini - Italy).
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• Political and societal concern for seismic safety and
potential environmental impact of earthquakes on dams and
hydrologic structures, nuclear power plants, offshore
petroleum facilities, oil pipeline systems, and lifeline
systems.
• Development of modem monitoring capability (i.e., the
modernization of the National Seismic Network beginning
in the 1990). When complete it will integrate local
seismicity networks managed by universities with a satellite
based network consisting of digital seismicity and strong
motion instruments.
• Development of the Geographic Information System
(GIS) to facilitate applications.
CONCLUSION
These status reports together with others in Open-File 94424 show that the success story for seismic zonation was
written for most countries during the past 26 years. The
last chapter is still being written in each country as efforts
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